ABSTRACT: Spontaneous hybrids within the genus Abies are considered to be better in growth and vitality in comparison with Abies alba and parental species. Three plantations with this material were established in the Czech Republic. These plantations are regularly measured and examined. The results show a very high potential of this material for the purposes of Czech forestry practice. Abies concolor, Abies procera and Abies nordmanniana grew faster than intraspecific hybrids. Mergen and Gregoire (1988) measured the height and diameter of 17-years-old hybrids that originated from crossing realized in 1960 and 1962 in Connecticut, USA. Abies cephalonica, Abies firma, Abies homolepis, Abies koreana, Abies lasiocarpa, Abies mariesii, Abies procera, Abies sachalinensis and Abies recurvata were used in this experiment. The results showed better growth and vitality compared to the control material (Abies balsamea). French researchers (Arbez et al. 1990 ) studied Mediterranean fir species and their hybridization. They recommended the utilization of fir progenies from selfing because of their inbreeding tolerance. Kantor and Chira (1971) investigated fir hybridization in former Czechoslovakia using Abies alba, Abies cephalonica, Abies nordmanniana, Abies pinsapo, Abies cilicica, Abies concolor, Abies grandis for interspecific and intraspecific hybridization.
JOURNAL OF FOREST SCIENCE, 53, 2007 (5): 193-203 The silver fir (Abies alba Mill.) is one of our most important tree species, not only from economic but also from ecological aspects. High wood production connected with positive (indifferent) incidence at a site predetermines silver fir for utilization in our forests. Its importance decreased in the 20 th century mainly because of its recession from Czech forests (and from forests of Central Europe generally). Its representation in Czech forests decreased from 19.8% (natural tree species composition) to 0.9%. Silver fir representation in the recommended tree specie composition of Czech forests should be 4.4% (Anonymous 2004) . The viability of surviving local fir populations has also decreased. According to Forests of the Czech Republic (the company managing 60% of Czech forest land) there are 28 local populations on the edge of extinction. The number of silver fir trees in these populations has to be increased very soon (Indra 2002) .
Its occurrence in our forests extremely decreased probably due to the following factors widely discussed in literature: the change in ecological conditions, different methods of management (preferring Norway spruce), lower genetic variability, high game stocks, air pollution pressure, parasite pressure, grazing restriction or phylogenetic age of this species.
There are three ways of solving the problem of silver fir decline. The first and the most important is in situ conservation connected with selection and reproduction of the most viable individuals. As an additional (but not marginal!) solution the introduction of other fir species and hybridization should be used.
According to Greguss et al. (1994a) there are eight spontaneous hybrids within the genus Abies. Spontaneous hybrids grow better compared with parental species. Present knowledge shows close affinity of some fir species and possibility of new hybrid origination.
Of course, scientists investigated very good growth and vitality. In 1868 the first artificial hybrid was obtained by Hugo de Vilmorin. It was Abies cephalonica × Abies pinsapo, named later as Abies vilmorini. This hybrid had a plenty of full and viable seeds (Paule 1992) . It means that hybridization, especially interspecific one, is a verified way of increasing fir general resistance and viability (Greguss et al. 1994a) . The hybrids within the genus Abies both from spontaneous and artificial hybridization distinguish themselves by heterosis from parental species not only in growth but also in increased viability. We can expect higher tolerance in fir hybrids in this aspect not only to various obligatory stress factors but also to possible consequences of changes in ecological conditions caused by the climate warming.
Rohmeder and Schönbach (1959) (Arbez et al. 1990 ) studied Mediterranean fir species and their hybridization. They recommended the utilization of fir progenies from selfing because of their inbreeding tolerance. Kantor and Chira (1971) investigated fir hybridization in former Czechoslovakia using Abies alba, Abies cephalonica, Abies nordmanniana, Abies pinsapo, Abies cilicica, Abies concolor, Abies grandis for interspecific and intraspecific hybridization.
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MATERIAL AND METHODS
According to findings mentioned earlier comparative plantations with spontaneous hybrids within the genus Abies were established in the Czech Republic. There are three plantations there -one in Kostelec nad Černými lesy (Central Bohemia) and two in Forests of the Town of Prostějov (Central Moravia). They were established to evaluate possibilities of hybrid utilization in Czech forestry practice. Plantation characteristics are shown in Table 1 .
The material on these plots originated from Kysihýbel' Arboretum in Slovakia. Seeds of spontaneous hybrids within the genus Abies were obtained there in 1990. Seeds were collected from 21 trees. Trees number 1-3 and 6-21 incline in phenotype to Abies cephalonica, tree number 4 to Abies cilicica and number 5 to Abies numidica. The first plantation in Prostějov was established also in 1996. All progenies are planted in blocks of 5 × 5 seedlings at a spacing of 1.5 × 1.5 m. The first and the second column are used for determination of the tree in Kysihýbel' Arboretum. The third and the fourth column show basic characteristics of the tree and the fifth column indicates the number of progeny in plantations
The second plantation in Prostějov was established a year later, in 1997. The conditions of this plantation are extremely dry. All progenies are planted in blocks of 5 × 5 seedlings at a spacing of 1.5 × 1.5 m. Spontaneous hybrids together with Abies grandis were planted there. The control material of Abies alba was planted a year later.
Measurements of this material were realized in 2002 and 2004 (and/or 2005) always after the vegetation period. Mortality was determined, and height was measured to the nearest 1 cm. The results were statistically processed -UNISTAT programme version 5.1. was used. The basic statistical characteristics were obtained. Analysis of variance was used for data testing. In the case of the absence of homogeneity of variance, non-parametrical Kruskal-Wallis test was used for data testing.
RESULTS

Mortality
Mortality in all plantations is shown in Fig. 1 . In Kostelec plantation average mortality was 30%. It ranged from 0% (Abies nordmanniana) to 52% (hybrid progeny 1). The mortality of the control material of Abies alba was 40%. Spontaneous hybrid progenies had average mortality of 29%. Low mortality (below 20%) was found in progenies 5, 6, 16, 18 and 20. The mortality of progenies 1, 3, 15, 21 was high (above 40%). Very low mortality was found in Abies balsamea -6% and Abies procera -4%. The hybrid Abies koreana × (Abies cilicica × Abies cephalonica) also had low mortality of 14% while the mortality of Abies grandis (40%) was very high.
In the plantation Prostějov 1996 the mortality increased up to 25% in 2005 in comparison with the year 2002, so there is a 1% change. High mortality over 30% was found in progenies 4 (34%), 9 (33%) and 16 (31%). Progenies 18 (10%), 2 (15%) and progeny mixture marked by × (18%) had very low mortality.
Average mortality in the plantation Prostějov 1997 was 24% in 2005. It ranged from 1% (progeny 7) to 60% (progeny 3). Abies alba mortality was 19% and the mortality of Abies grandis was 29%. Very low mortality was found also in progenies 6 (4%), 18 (6%) and 12 (11%). Very high mortality over 35% was recorded in progenies 3, 11, 15, 17 and 20. Table 3 documents the results of Kruskal-Wallis analysis of variance. In both years there were significant differences in height between the progenies.
Height
In the plantation Prostějov 1996 height was measured in 2002 (6 years after planting) and 2005 (9 years after planting). Abies alba as a control material is not planted there. In both years there were different numbers of particular progenies because of forest weeds and wrong labelling.
In 2002 mean height ranged from 95 cm (progeny 2) to 136 cm (progeny 17). Table 4 shows the results of ANOVA: there are no significant differences in height between the replications (the plantation is homogeneous), but there are significant differences between the progenies.
In 2005 mean height ranged from 153 cm (progeny 2) to 215 cm (progeny 17). Mortality (%) Fig. 1 . Mortality in plantations with spontaneous hybrids are significant differences between the progenies. The results of Kruskal-Wallis analysis of variance show significant differences in height between the progenies (see Table 5 ).
In 2005 height was measured again. The mean height in this plantation was 92 cm. The mean height of spontaneous hybrid progenies ranged from 56 cm (progeny 15) to 123 cm (progeny 4). Abies alba reached the mean height of 116 cm and Abies grandis 183 cm. Table 5 documents the results of Kruskal-Wallis analysis of variance. It shows significant differences in height between the progenies.
DISCUSSION Mortality
Mortality, especially in the first years after planting, is a big problem. The fir is one of the most sensitive tree species and that is why nearly all authors mentioned a very low survival rate. The results reported in literature differ in the different authors and also in one author. Hynek (1989) dealt with silver fir provenance research. He reported mortality on three plots in the Šumava region one year after Progeny planting: plot 1 (Vimperk) -mortality 5%, 2 (Nýrsko) -8%, 3 (Kašperské hory) -57%. Higher mortality on the third plot was caused by higher elevation and unsuitable rainfall distribution during the vegetation period. Mortality was also affected by seedling age in the planting time. The seedlings planted at the age of six years had mortality up to 40%. The highest mortality was observed in Kostelec (30%) due to a reason discussed later. Both plantations in Prostějov had lower mortality -24 (25%).
Mortality in Kostelec was affected by waterlogging in 1996. This mortality had nothing to do with seedling origin, so it was not tested statistically. Dead seedlings were replaced by seedlings from the reserve in 1997.
In spring 1998 the mortality 22% was observed. Mortality was still concentrated to the part affected by waterlogging. Mainly seedlings planted in 1997 and seedlings considered in 1997 as withering died.
The planting of six years old (and older) seedlings is connected with high mortality (Hynek 1989) . This presumption was confirmed in Kostelec plantation, where mortality was 30% (Abies alba 40%). In the part not affected by waterlogging mortality was below ten percent, so we cannot draw a conclusion about higher mortality in comparison with spontaneous hybrid progenies. Silver fir as a control material was also planted in Prostějov (established 1997). It had substandard mortality 19%. This is very important because this plot does not look suitable for silver fir planting due to very dry conditions. Silver fir was planted one year later there and that can be a reason for its lower mortality. The year 1997 was very dry and silver fir seedlings were planted in a nursery and planted in better climatic conditions in 1998.
According to Greguss et al. (1994b) the difference in survival rate between hybrids and control material rapidly increased in favour of hybrids. This presumption applied to the Abies koreana × (Abies cilicica × Abies cephalonica) hybrid with mortality 14% in Kostelec.
The mean mortality of spontaneous hybrid progenies originating from Kysihýbeľ Arboretum (numbers 1-21) and planted in Kostelec was 29%. Low mortality was observed in hybrids number 6, 16, 18 and 20 (below 20%). In Prostějov (1996) plantation mortality below 20% was observed in hybrids 2 and 18. In Prostějov (1997) hybrids 4-8, 12, 13, 18 and 21 showed very low mortality. The most vital hybrids of all were hybrid 6 (it is not planted in Prostějov 1996 plantation) and 18 with mortality only 11 and 12%, respectively. High mortality (above 30%) in Kostelec was recorded in hybrids 1-4, 15, 17 and 21, in Prostějov (1996) in hybrids 4, 9 and 16, and in Prostějov (1997) in hybrids 1, 3, 9, 10, 11, 15, 17 and 20. The highest mortality of all was found out in hybrid 3 (50%) followed by hybrids 15 (48%), 1 (37%), 17 (34%) and 21 (33%). Right-tail probability = 0.0000
The mortality after planting is not probably connected with mortality in a nursery. Between the years 1994 and 1996 more than 30% of four hybrid seedlings died. They were progenies 1, 6, 8 and 14. Only hybrid 1 has higher mortality after planting. Other progenies with higher mortality in the nursery show lower (below the mean of the plot) mortality after planting. On the contrary, progeny 19, which shows 9% mortality in the nursery, had 31% mortality after planting. This progeny is probably more sensitive to changing conditions and was heavily affected by waterlogging.
There are also North-American fir species in plantations. There are experiences with the planting of such tree species in Czech conditions, for example Abies grandis and Abies concolor. An IUFRO provenance trial with the North-American fir species Abies grandis and Abies procera was conducted in the Czech Republic. According to Vančura and Beran (1995) Abies grandis mortality was from 5 to 46%. This species is damaged by pests and waterlogging. Abies procera mortality is very high immediately after planting and there is only a small change in the following years. Abies grandis was planted on Kostelec and Prostějov 97 plots. The mortality in Kostelec (8 years after planting) is 40%, in Prostějov (7 years after planting) 29%. In comparison with the other progenies Abies grandis mortality is significantly higher than mean mortality. The mortality of this tree species is higher compared to Vančura and Beran (1995) results.
Abies concolor mortality on Kostelec plot is only 20%. Other authors reported significantly higher mortality of this tree species, e.g. Vančura (1990), Šindelář and Beran (2004) , etc.
Abies nordmanniana mortality in Kostelec is 0%. This can be explained by a low number of seedlings -there are only 25 individuals on the plot. The mortality of Abies balsamea (6%) and Abies procera (4%) was very low. Abies procera results can be distorted by the very low number of seedlings again. There are four replications in Abies balsamea (100 seedlings). Its high viability confirms former results (Šindelář, Beran 2004) .
Abies procera mortality was only 4% eight years after planting. There are only 25 seedlings on the plot, so the result can be distorted again. The mortality at the age of 8 (9) years is shown in Fig. 1 .
Height
Many authors reported better growth of Abies hybrids compared to Abies alba. The analysis of variance shows high significance of the influence of progeny origin on height.
There is a relation between height and seedling age at the planting time. According to Hynek (1989) the mortality of older seedlings is significantly higher than that of younger seedlings (the age at the planting time). This tendency was observed in an Abies alba provenance trial in the Czech Republic 15 years after planting.
Greguss (1992) mentioned increasing height differences between fir hybrids and parental tree species.
In 1998 the Kostelec plantation was measured. The mean height of the material was 34 cm. Abies alba reached the mean diameter of 27 cm. Spontaneous hybrids 1-21 reached the mean height from 22 cm (progeny 2, the only one with lower height compared to Abies alba) to 45 cm (progeny 9, 167% of the Abies alba mean height). All non-native fir species exceeded the control material -Abies grandis 36 cm (133% of the Abies alba mean height), Abies procera 53 cm (196%), Abies concolor 60 cm (222%), Abies balsamea 62 cm (230%) and the highest was Abies nordmanniana 104 cm (385%). The analysis of variance shows significant differences between progenies and also between replications. This can be caused by plot heterogeneity due to waterlogging in 1996 -1998 . Measurements in 2002 (Fig. 2) showed better growth of hybrid material compared to Abies alba.
Greguss (1992) reported higher wood production of fir hybrids compared to Abies alba and non-native fir species. This measurement was realized in Kysihýbeľ Arboretum at the age of around 30 years. We cannot confirm this result due to the young age of our material. Hybrid firs show different growth dynamics, so future measurements are needed.
If we compare the height of the progenies with progeny height in the nursery in 1995, we can see that the growth tendency is still nearly similar. With only few exceptions the order of progenies is the same. The highest progeny in the nursery was progeny 9, one of the highest in the last measurement. The lowest in the nursery was progeny 2, which is still the lowest at the present time.
Very good growth of Abies nordmanniana in the first years after planting is also mentioned in literature. Greguss (1992) reported that this tree species reached 113.9% of the mean height of all material at the age of one year, at the age of ten this species is the lowest one. Our results show increasing differences between this material and others. At the age of 8 years Abies nordmanniana is absolutely the best with 330% of the Abies alba mean height.
In the plantation Prostějov 96 the lowest progeny was progeny 2, which is the same progeny as in Kostelec plantation. The highest progeny from Kostelec, progeny 5, is not planted there, the highest progeny, No. 9, is in Kostelec plantation around the mean of the whole plantation.
In the plantation Prostějov 97 the lowest progeny was progeny 15 (in Kostelec plantation around the plantation mean). The highest progeny (No. 4) is again around the mean in Kostelec and Prostějov 97 plantations. In this plantation very good growth of silver fir is surprising. This can be explained by its later planting (the year 1997 was very dry, the next year was climatically better for fir planting). We can assume better growth of hybrid progenies in future.
CONCLUSION
European silver fir (Abies alba Mill.) was one of the most important tree species in Czech forests. Its occurrence extremely decreased in the last century and the vitality of trees in surviving local populations also diminished. Silver fir is an important tree species because of higher production ability than in Norway spruce (Picea abies [L.] Karst.) and high ecological importance as well.
European silver fir is one of those domestic tree species the maintenance of which is done especially by its resistance. Fir cannot be bred for specific resistance like elms. That is why breeding has to be directed to an increase in general resistance.
One of the important approaches for increasing fir resistance by breeding is interspecific hybridization because it is known that hybrids within the genus Abies often reach the effect of heterosis not only in growth but also in increased vitality in comparison with parental species. Higher tolerance to various stress factors including the air pollution pressure is connected (and possibly higher tolerance to the expected climate warming).
Spontaneous hybrids within the genus Abies are mostly better in growth and vitality than the control material of Abies alba from open pollination. All plantations are still very young, so regular measurements should continue.
The material can be used for special plantations, especially where local silver fir populations are extinct and on anthropogenically destroyed plots (after mining and so on). Changing climate conditions should be considered. This material can also be used as Christmas trees.
All these results show a high potential for Czech forestry practice. There is also a high potential for future breeding. Vegetative reproduction of this hybrid material is an important problem to solve.
